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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cooling 
liquid for a fuel cell which possesses low 
electroconductivity, anticorrosive property, high heat 
conductivity and nonfreezing property as the cooling 1 ° 
liquid for a fuel cell stack. £ 8 ~ 



SOLUTION: This cooling liquid for a fuel cell stack 

comprises a base material made of a mixed solution i- 

consisting of water and glycols and an anticorrosive 2 _ 

additive for maintaining the electroconductivity of the . , 

........ » i | °o 2CO 4oo 690 eno iowi -.atw 

cooling liquid in such a way as to have low oxwJammfr* 
electroconductivity and also for maintaining the 
hydrogen ion exponent of the cooling liquid in such a 
way as to be approximately neutral. The anticorrosive 
additive may comprise at least either of an 

ethanolamine-based alkaline additive comprising triethanolamine, diethanolamine and 
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monoethanolamine, and an acid additive selected from the group consisting of triazoles, 
phosphates and organophosphates. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Coolant which is coolant and contains the basis containing water, and the rust-proofing 
additive which maintains the hydrogen ion exponent of said coolant neutrally mostly while 
maintaining the conductivity of said coolant with low conductivity. 

[Claim 2] It is the coolant characterized by being the mixed solution with which said basis contains 
glycols further in the coolant according to claim 1. 

[Claim 3] It is the coolant characterized by said rust-proofing additive containing at least one side 
among a weak alkaline additive and a weak acidic additive in the coolant according to claim 1 or 2. 
[Claim 4] It is the coolant characterized by said rust-proofing additive containing an alkaline additive 
and an acid additive in the coolant according to claim 1 or 2. 

[Claim 5] It is the coolant characterized by said alkaline additive being the matter of an ethanolamine 
system in the coolant according to claim 4. 

[Claim 6] It is the coolant characterized by said ethanolamine system matter containing 
triethanolamine, diethanolamine, and monoethanolamine in the coolant according to claim 5. 
[Claim 7] It is the coolant characterized by being chosen from the group by which said acid additive 
is constituted from triazoles, phosphoric acids, and organic phosphoric acids in the coolant given in 
the claim of either claim 4 thru/or claim 6. 

[Claim 8] It is the coolant characterized by said rust-proofing additive maintaining said coolant in a 
hydrogen ion exponent 6 [ about ] - about 9 range in the coolant given in the claim of either claim 1 
thru/or claim 7. 

[Claim 9] It is the coolant characterized by said rust-proofing additive maintaining said coolant to 
the low conductivity of under about lOOmicroS/cm in the coolant given in the claim of either claim 1 
thru/or claim 8. 

[Claim 10] It is the coolant characterized by said rust-proofing additive having rust-proofing nature 
especially to an aluminum ingredient in the coolant given in the claim of either claim 1 thru/or claim 
9. 

[Claim 1 1] It is the coolant characterized by said rust-proofing additive being the Nonion system 
matter in the coolant according to claim 1 . 

[Claim 12] It is the coolant characterized by said Nonion system matter containing either [ at least ] a 
saccharide or a nonionic surface active agent in the coolant according to claim 1 1 . 
[Claim 13] It is the coolant characterized by being refined by the coolant purification system by 
which ion exchange resin was used for said coolant in the coolant according to claim 11 or 12. 
[Claim 14] Said coolant is coolant characterized by performing deoxidation processing in the coolant 
given in the claim of either claim 1 thru/or claim 13. 

[Claim 15] How to be an approach for enclosing the coolant given in the claim of either claim 1 
thru/or claim 1 3 with the stack cooling circuit of a fuel cell, perform deoxidation processing to said 
coolant, and enclose with said cooling circuit said coolant by which deoxidation processing was 
carried out with inert gas. 

[Claim 16] The cooling system of a fuel cell equipped with the cooling circuit where it is the stack 
cooling system of a fuel cell, and the coolant, and its coolant and inert gas of a publication are 
enclosed with the claim of either claim 1 thru/or claim 13. 

[Claim 17] The manufacture approach of the coolant which is the manufacture approach of the 
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coolant, adjusts the basis containing water, adjusts the rust-proofing additive which maintains the 
hydrogen ion exponent of said coolant neutrally mostly while maintaining the conductivity of said 
coolant with low conductivity, mixes said basis and said rust-proofing additive, and refines the 
mixed solution of said basis and said rust-proofing additive using ion exchange resin. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the coolant system which used the enclosure 
approach of the coolant and the coolant, and the coolant. It is related more with the cooling system of 
the approach of enclosing the coolant with the coolant for cooling a fuel cell in a detail, and the 
cooling circuit of a fuel cell cooling system, and a fuel cell. 
[0002] 

[Description of the Prior Art] Generally, the stack of a fuel cell is the laminating structure of two or 
more cells, and the cooling plate for cooling a stack (cell) for every substack which consists of cells 
of several layers is infixed. The coolant path is formed in the interior of a cooling plate, and a stack 
is cooled when the coolant flows the coolant path. Thus, in order to prevent the decline (mitigation 
of an energy loss) in the generating efficiency which originates in the short circuit to the stack 
exterior, and resistance of the coolant since the coolant of a fuel cell circulates through between the 
inside of the stack which is performing the generation of electrical energy, i.e., a substack, the high 
insulating engine performance is required. In order to fill the demand of reservation of these 
insulation engine performance, reservation of cooling effectiveness, etc., with the conventional 
technique, pure water has been used as coolant. In order to maintain the life cycle of a cooling plate 
other than these demands for a long time, rust-proofing nature is also required of the coolant for fuel 
cell stacks. It has been coped with by using the high stainless steel ingredient of rust-proofing nature 
for a cooling plate, or generally, adding iron ion in the coolant to this demand, as indicated by JP,2- 
21572,A. 
[0003] 

[Problem(s) to be Solved by the Invention] However, although such a conventional solution could 
take effect to fixed [ so-called ], the inside of an installation mold and a large-sized fuel cell, and the 
fuel cell of a regular actuation mold, it was not necessarily able to say that it was effective to the 
small fuel cell of a non- installing mold called the fuel cell carried in a car, and the fuel cell of a 
intermittent-working mold, for example. 

[0004] For example, since the coolant falls even to ambient temperature at the time of un-operating 
in the case of the fuel cell of an on-off operation mold and a non-installing mold, it is required under 
the conditions which ambient temperature becomes below the freezing point that it should have 
nonfreezing. It is because the cooling circuit containing a cooling plate etc. may receive damage 
when the coolant freezes. Moreover, when a cooling circuit receives damage, there is a possibility 
that a fuel cell may not fully demonstrate the function. 

[0005] Here, when nonfreezing is taken into consideration, it is possible as coolant to use the coolant 
for internal combustion engine cooling as nonfreezing coolant. However, since the coolant for 
internal combustion engine cooling is used in the part which the electrical and electric equipment 
does not generate in essence, low conductivity is not taken into consideration but it has electric, very 
high conductivity. On the other hand, since the electrical and electric equipment is flowing to the 
cooling pipe of a fuel cell stack, if the conductivity of the coolant is high, the electrical and electric 
equipment produced with the fuel cell flows to the coolant, and **** the electrical and electric 
equipment. Therefore, as coolant which cools a fuel cell stack, it is unsuitable. 
[0006] Moreover, lightweight-ization of the fuel cell system which includes a cooling circuit in the 
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case of the fuel cell of the non-installing molds for car loading etc. is an important conquest technical 
problem. Therefore, it is expected from a viewpoint of lightweight-izing that thermally conductive 
high light metals including for example, an aluminum ingredient are used for a cooling plate, a heat 
exchanger, etc. from now on. It is required that these light metals have as high rust-proofing nature 
as a stainless steel ingredient, and generally should not break it, therefore the coolant itself should 
have rust-proofing nature. 

[0007] This invention is made in order to solve the above-mentioned problem, and it aims at offering 
the coolant of the fuel cell equipped with low conductivity, rust-proofing nature, high temperature 
convective, and nonfreezing as coolant for fuel cell stacks. 
[0008] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve the 
above-mentioned technical problem, the 1st mode of this invention offers the coolant containing the 
basis containing water, and the rust-proofing additive which maintains the hydrogen ion exponent of 
said coolant neutrally mostly while maintaining the conductivity of said coolant with low 
conductivity. 

[0009] According to the 1st mode of this invention, the coolant which fulfills low conductivity, rust- 
proofing nature, high temperature convective, and nonfreezing is realizable. 

[0010] In the coolant concerning the 1st mode of this invention, said basis may be a mixed solution 
which contains glycols further. An account rust-proofing additive may also contain at least one side 
among a weak alkaline additive and a weak acidic additive, or can contain an alkaline additive and 
an acid additive. Furthermore, said alkaline additive may be the matter of an ethanolamine system. 
Moreover, said ethanolamine system matter can contain triethanolamine, diethanolamine, and 
monoethanolamine. 

[001 1] Said acid additive can be chosen from the group which consists of triazoles, phosphoric acids, 
and organic phosphoric acids in the coolant concerning the 1 st mode of this invention. Moreover, 
said rust-proofing additive may maintain said coolant in a hydrogen ion exponent 6 [ about ] - about 
9 range. Furthermore, said rust-proofing additive may maintain said coolant to the low conductivity 
of under about lOOmicroS/cm. Furthermore, said rust-proofing additive can have rust-proofing 
nature especially to an aluminum ingredient. 

[0012] In the coolant concerning the 1st mode of this invention, said rust-proofing additive may be 
the Nonion system matter, and said Nonion system matter may also contain either [ at least ] a 
saccharide or a nonionic surface active agent. Moreover, said coolant may be refined by the coolant 
purification system which used ion exchange resin, and deoxidation processing may be performed 
further. When using the Nonion system matter as a rust-proofing additive, only the impurity which a 
rust-proofing additive does not ionize in the coolant, but is ionized by using ion exchange resin can 
be removed easily. Moreover, degradation of the quality of the coolant can be prevented over a long 
period of time by deoxidation processing. 

[0013] The 2nd mode of this invention offers the approach for enclosing the coolant concerning the 
1st mode of this invention with the stack cooling circuit of a fuel cell. This approach performs 
deoxidation processing to said coolant, and is characterized by enclosing with said cooling circuit 
said coolant by which deoxidation processing was carried out with inert gas. 
[0014] According to the 2nd mode of this invention, degradation of the quality of the coolant in a 
cooling circuit can be prevented over a long period of time. 

[0015] The 3rd mode of this invention offers the stack cooling system of a fuel cell. This cooling 
system is characterized by having the cooling circuit where the coolant concerning the 1st mode of 
this invention, and its coolant and inert gas are enclosed. 

[0016] According to the 3rd mode of this invention, a cooling system can have low conductivity, 
rust-proofing nature, high temperature convective, and nonfreezing. Moreover, degradation of the 
quality of the coolant in a cooling circuit can be prevented over a long period of time. 
[0017] The 4th mode of this invention offers the manufacture approach of the coolant, the 4th voice 
of this invention — the manufacture approach of the coolant which starts like adjusts the basis 
containing water, it adjusts the rust-proofing additive which maintains the hydrogen ion exponent of 
said coolant neutrally mostly while it maintains the conductivity of said coolant with low 
conductivity, it mixes said basis and said rust-proofing additive, and is characterized by to refine the 
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mixed solution of said basis and said rust-proofing additive using ion exchange resin. 
[0018] According to the manufacture approach of the coolant concerning the 4th mode of this 
invention, the coolant which fulfills low conductivity, rust-proofing nature, high temperature 
convective, and nonfreezing can be manufactured. In addition, in addition to water, glycols may be 
used on the occasion of adjustment of a basis. Moreover, on the occasion of adjustment of a rust- 
proofing additive, an alkaline additive and an acid additive may be used or you may adjust using the 
Nonion system matter. 



[Embodiment of the Invention] - Gestalt of implementation of the 1st invention : [0020] Hereafter, 
the coolant concerning this invention is explained with reference to Table 1 and 2. 
[0021] First, the property of each coolant is explained with reference to Table 1. Table 1 shows pH 
to the presentation list of the coolant used in the 1st example according to this invention - the 9th 
example at the presentation list of the coolant of a hydrogen ion exponent (pH), and the example 1 of 
a comparison - the example 6 of a comparison. Table 2 shows the comparative study result of the 
coolant used in the 1st example shown in Table 1 - the 9th example, and the coolant of the example 1 
of a comparison - the example 6 of a comparison. In addition, the 1st example - the 9th example are 
shown as an example 1 - an example 9 all over Table 1 . 



[0019] 



[0022] 
[Table 1] 
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The coolant of the 1st example contains triethanolamine (1.0 % of the weight) and orthophosphoric 
acid (0.1 % of the weight) as a rust-proofing additive including ethylene glycol (50 % of the weight) 
and ion exchange water (48.9 % of the weight) as a basis. Ethylene glycol is both common 
knowledge in propylene glycol at glycols as a group, then matter which brings a nonfreezing 
property to the solution for mixing. Moreover, the basis which are ion exchange water and the mixed 
solution of glycols is excellent in the heat-conduction property so that I may be understood also from 
generally being used as coolant for internal combustion engines of a car. 

[0023] Here, triethanolamine is the alkaline rust-proofing additive of an ethanolamine system, and 
orthophosphoric acid is an acid rust-proofing oxidizer belonging to phosphoric acid. The coolant of 
this 1st example is pH8.1. In addition, triethanolamine can be added in 0.1 - 3.0% of the weight of 
the range from a viewpoint of rust-proofing engine-performance reservation and conductivity 
control, and orthophosphoric acid can be added in 0. 1 - 1 .0% of the weight of the range. In this case, 
the whole presentation is adjusted to 100% of the weight by adjusting weight % of ion exchange 
water. Moreover, it replaces with triethanolamine, and other ethanolamine system matter, such as 
monoethanolamine and diethanolamine, may be used, it may replace with orthophosphoric acid, and 
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other phosphoric acid matter may be used. 

[0024] The coolant of the 2nd example contains triethanolamine (0.34 % of the weight) and 
phosphonic acid (0.005 % of the weight) as a rust-proofing additive including ethylene glycol (50 % 
of the weight) and ion exchange water (49.655 % of the weight) as a basis. Phosphonic acid is an 
acid rust-proofing oxidizer belonging to organic phosphoric acid. The coolant of this 2nd example is 
pH8.1. In addition, triethanolamine can be added in 0.1 - 3.0% of the weight of the range from a 
viewpoint of rust-proofing engine-performance reservation and conductivity control, and phosphonic 
acid can be added in 0.001 - 0.01% of the weight of the range. In this case, the whole presentation is 
adjusted to 100% of the weight by adjusting weight % of ion exchange water. Moreover, it replaces 
with triethanolamine, and other ethanolamine system matter, such as monoethanolamine and 
diethanolamine, may be used, it may replace with phosphonic acid, and other organic phosphoric 
acid matter may be used. 

[0025] The coolant of the 3rd example contains benzotriazol (0.1 % of the weight) as a rust-proofing 
additive including ethylene glycol (50 % of the weight) and ion exchange water (49.9 % of the 
weight) as a basis. Benzotriazol is an acid rust-proofing oxidizer belonging to triazoles. The coolant 
of this 3rd example is pH6.2. In addition, benzotriazol can be added in 0.1 - 0.6% of the weight of 
the range from a viewpoint of rust-proofing engine-performance reservation and conductivity 
control. In this case, the whole presentation is adjusted to 100% of the weight by adjusting weight % 
of ion exchange water. Moreover, it may replace with benzotriazol and other triazoles may be used. 
[0026] The coolant of the following example [ 4th ] - the 9th example has the description at the point 
using the Nonion system matter which is not ionized in a water solution as a rust-proofing additive. 
A saccharide, a non-ion system surfactant, etc. are contained in the Nonion system matter. 
[0027] The coolant of the 4th example contains as a basis the quercetin (3, 3', 4 f , 5, 7- 
pentahydroxyflavone) (0.05 % of the weight) which is the Nonion system matter as a rust-proofing 
additive, and is a kind of ****** including ethylene glycol (50 % of the weight) and ion exchange 
water (49.95 % of the weight). The coolant of this 4th example is pH 7-8. In addition, a quercetin 
can be added in 0.005 - 0.2% of the weight of the range from a viewpoint of rust-proofing engine- 
performance reservation and conductivity control. In this case, the whole presentation is adjusted to 
100% of the weight by adjusting weight % of ion exchange water. 

[0028] The coolant of the 5th example contains as a basis the glucose (0.10 % of the weight) which 
is a kind of monosaccharide as a rust-proofing additive including ethylene glycol (50 % of the 
weight) and ion exchange water (49.90 % of the weight). The coolant of this 5th example is pH 7-8. 
In addition, a glucose can be added in 0.05 - 0.5% of the weight of the range from a viewpoint of 
rust-proofing engine-performance reservation and conductivity control. In this case, the whole 
presentation is adjusted to 100% of the weight by adjusting weight % of ion exchange water. 
[0029] The coolant of the 6th example contains as a basis the maltose (0.10 % of the weight) which 
is a kind of oligosaccharide as a rust-proofing additive including ethylene glycol (50 % of the 
weight) and ion exchange water (49.90 % of the weight). The coolant of this 6th example is pH 7-8. 
[0030] The coolant of the 7th example contains as a basis the maltose (0.50 % of the weight) which 
is a kind of oligosaccharide as a rust-proofing additive including ethylene glycol (50 % of the 
weight) and ion exchange water (49.50 % of the weight). The coolant of this 7th example is pH 7-8. 
[0031] The coolant of the 8th example contains as a basis the alkyl glucoside (0.10 % of the weight) 
which is a kind of a non-ion system surfactant as a rust-proofing additive including ethylene glycol 
(50 % of the weight) and ion exchange water (49.90 % of the weight). The coolant of this 8th 
example is pH 7-8. In addition, alkyl glucoside can be added in 0.05 - 0.5% of the weight of the 
range from a viewpoint of rust-proofing engine-performance reservation and conductivity control. In 
this case, the whole presentation is adjusted to 100% of the weight by adjusting weight % of ion 
exchange water. 

[0032] The coolant of the 9th example contains as a basis the polyoxyethylene (POE) sorbitan 
monopalmitate (0.10 % of the weight) which is a kind of a non-ion system surface active agent as a 
rust-proofing additive including ethylene glycol (50 % of the weight) and ion exchange water (49.90 
% of the weight). The coolant of this 9th example is pH 7-8. In addition, POE sorbitan 
monopalmitate can be added in 0.05 - 0.5% of the weight of the range from a viewpoint of rust- 
proofing engine-performance reservation and conductivity control. In this case, the whole 



http ://www4. ipdl.ncipi . go .jp/cgi-bin/tran__web_cgi_ejj e 



7/11/2006 



JP,2001-164244,A [DETAILED DESCRIPTION] 



Page 6 of 13 



presentation is adjusted to 100% of the weight by adjusting weight % of ion exchange water. 
[0033] In addition, with the gestalt of operation of this invention, when a fuel cell was carried in a 
car, in consideration of aluminum and an aluminium alloy being used for a cooling plate list as the 
quality of the materials, such as a heat exchanger in a cooling circuit, the anti-corrosiveness 
especially to an aluminum ingredient etc. was taken into consideration. In case a fuel cell is 
mounted, it is because it is thought that the aluminum ingredient by which current is used abundantly 
at the radiator for cars etc. as an ingredient which lightweight-izing and low cost-ization etc. will be 
required and can meet these demands is suitable. 

[0034] Therefore, the rusr-proofer in which each rust-proofing additive used in the 1st example - the 
9th example is instantiation to the last, in addition good rust-proofing nature is shown to an 
aluminum ingredient may be used. Or [0035] which should just use the rust-proofing additive 
equipped with rust-proofing nature to the ingredient used in case ingredients other than an aluminum 
ingredient are used The coolant of the example 1 of a comparison is coolant generally used for 
internal combustion engine cooling of an automobile, and contains orthophosphoric acid (0.2 % of 
the weight), benzotriazol (0.1 % of the weight), a sodium nitrate (0.1 % of the weight), sodium 
molybdate (0.2 % of the weight), sodium benzoate (2.5 % of the weight), and a sodium hydroxide 
(0.12 % of the weight) as a rust-proofing additive including ethylene glycol (50 % of the weight) and 
ion exchange water (46.78 % of the weight) as a basis. pH of the coolant of the example 1 of a 
comparison is 7.3. 

[0036] The coolant of the example 2 of a comparison was coolant containing ethylene glycol (50 % 
of the weight) and ion exchange water (50 % of the weight), and it was used in order to examine the 
property of an ethylene glycol-ion-exchange-water system in case a rust-proofing additive is not 
included. This cooling water is pH6.8. 

[0037] The coolant of the example 3 of a comparison was coolant containing propylene glycol (50 % 
of the weight) and ion exchange water (50 % of the weight), and it was used in order to examine the 
property of a propylene glycol-ion-exchange-water system in case a rust-proofing additive is not 
included. This cooling water is pH6.8. 

[0038] The coolant of the example 4 of a comparison is coolant containing a glycerol (50 % of the 
weight) and ion exchange water (50 % of the weight), and was used for comparison reference. 
[0039] The example 5 of a comparison was common tap water (100 % of the weight), and it was 
used in order to examine the property of tap water. 

[0040] Conventionally, the example 6 of a comparison is ion exchange water (100 % of the weight) 

used as coolant for fuel cell cooling, and was used for comparison reference. 

[0041] Without using pH regulators (for example, potassium hydroxide etc.) like before in pH 

adjustment in each above-mentioned example and the example of a comparison, by adjusting the 

addition of a rust-proofing additive, it adjusted so that it might fit in the range of pH 6-9. In addition, 

pH measurement was carried out at 25 degrees C using commercial pH measuring instrument. 

[0042] Next, Table 2 is referred to, and the result of various comparative studies is explained and 

examined. Table 2 shows the various test results to the example 1 of a comparison - the example 6 of 

a comparison to the 1st example enumerated to Table 1 - the 9th example, and a list. 

[0043] 

[Table 2] 
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First, it compares about the test result of conductivity (electrical conductivity) (muS/cm). It is the 
trial which this conductivity trial switches on two electrodes in the coolant of a test objective, and 
measures the ease of flowing of the current in inter-electrode [ these ], and that approach is common 
knowledge for this contractor. In addition, in the gestalt of operation of this invention, it measured 
under conditions of 25 degree C of commercial **** for conductivity meters. In addition, the 1st 
example - the 9th example are shown as an example 1 - an example 9 all over Table 2. 
[0044] First, when the example 1 of a comparison which is the coolant conventionally used for 
internal combustion engine cooling of an automobile was examined, conductivity is 5960 (muS/cm) 
and showed very high conductivity as compared with each of other example and the example of a 
comparison. It is considered to be the cause that this contains the strong-electrolyte matter with 
which the example 1 of a comparison brings about conductivity also with high minute amounts, such 
as a sodium hydroxide and a sodium nitrate, as an additive. In addition, there are a sodium 
hydroxide, a potassium hydroxide, etc. in the matter which there are a sodium nitrate, sodium 
molybdate, sodium benzoate, etc. in the matter conventionally used widely as a rusr-proofer, and has 
been used as a neutralizer of a solution. 

[0045] Moreover, the example 5 of a comparison also contained various ion on the property, and the 
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high conductivity 286 (muS/cm) was shown. On the other hand, since the example 4 of a comparison 
hardly had ion, it showed the comparatively low conductivity 1.8 (muS/cm). Moreover, since the ion 
exchange water (example 6 of a comparison) conventionally used as coolant for fuel cells hardly 
contained ion, it showed the lowest conductivity 0.88 (muS/cm). 

[0046] the conductivity 3.46 (muS/cm) of the example 2 of a comparison this conductivity of whose 
the conductivity of the 2nd example is 5.01 (muS/cm) and is the basis of the coolant of the 2nd 
example, and the value to approximate — moreover, the value near the conductivity 1 .63 (muS/cm) 
of the example 3 of a comparison containing the propylene glycol belonging to the same glycols was 
shown. 

[0047] Moreover, the conductivity of the 3rd example is 2.1 1 (muS/cm) and this conductivity 

showed the almost same value as the conductivity 1.63 (muS/cm) of the example 3 of a comparison 

containing the propylene glycol belonging to the conductivity 3.46 (muS/cm) and the same glycols 

of the example 2 of a comparison which are the basis of the coolant of the 3rd example. 

[0048] Addition of the additive which is the electrolyte matter which increases the ion concentration 

in a solution usually tends to increase conductivity. However, the conductivity change by addition of 

an additive can be disregarded in the coolant in the 2nd example and the 3rd example. 

[0049] The conductivity of the 4th example and the 7th example is 5.3 (muS/cm) and 5.0 (muS/cm), 

respectively, and this conductivity showed the conductivity 3.46 (muS/cm) of the example 2 of a 

comparison which is the basis of the coolant of the 4th example and the 7th example, and the value 

to approximate. 

[0050] The conductivity of the 5th example, the 6th example, the 8th example, and the 9th example 
is 3.6 (muS/cm) and 3.5 (muS/cm) 3.2 (muS/cm) 4.4 (muS/cm), respectively, and this conductivity 
showed the almost same value as the conductivity 3.46 (muS/cm) of the example 2 of a comparison 
which is the basis of the coolant of the 5th, 6th, 8th, and 9th examples. 

[0051] Since the rust-proofing additive used for the 4th example - the 9th example is the matter of 
the Nonion system which is not ionized in a solution, taking the same value as the conductivity 
which a solvent has theoretically is expected. In the 4th example as an experimental result - the 9th 
example, indicating mostly the same or the value approximated extremely to be the conductivity 
which a solvent has was checked also in which example. Therefore, the conductivity change by 
addition of an additive can be disregarded in the coolant in the 4th example - the 9th example. 
[0052] Here, the relation of the addition and conductivity is explained with reference to drawing 1 
about the quercetin used as a rust-proofing additive in the 4th example. Drawing 1 is a graph which 
shows transition of the conductivity at the time of adding a quercetin to an ethylene glycol 50% 
diluent, an axis of abscissa shows a quercetin addition (ppm), and an axis of ordinate shows 
conductivity (muS/cm). To 700 ppm, conductivity is about 5-6 (muS/cm), and the quercetin addition 
shows the conductivity 3.5 (muS/cm) which does not depend on an addition but a solvent (for 
example, example 2 of a comparison) shows, and the approximated conductivity so that I may be 
understood from drawing 1 . Moreover, although conductivity increases even after a quercetin 
addition exceeds 700 ppm, the value is about 7 (muS/cm) in the quercetin addition of 1000 ppm. • 
Therefore, it is understood that the quercetin which is the Nonion system matter is not based on the 
addition, but low conductivity is shown, and it can be said that it is the rust-proofing additive good 
for the coolant with which low conductivity is demanded. 

[0053] Although the conductivity of the 1st example is 29.0 (muS/cm) and is high as compared with 
the conductivity (5.01 (muS/cm) 3.46 (muS/cm)) of the example 2 of a comparison, and the example 
3 of a comparison, the value is 1/10 of the example 5 of a comparison, and is 1/100 or less [ of the 
example 1 of a comparison ] further. 

[0054] Thus, since pH adjustment of the coolant concerning the 1st example - the 3rd example is 
adjusted using the acidity which a rust-proofing additive has, and an alkaline property, the 
conductivity of the coolant is maintained by the very low value as compared with the case where pH 
regulator is used. Moreover, since the rust-proofing additive of the cooling water concerning the 4th 
example - the 9th example is the Nonion system matter while being neutrality, it can maintain the 
conductivity of the coolant to the almost same value as the conductivity of a solvent, without 
carrying out pH adjustment. 

[0055] Next, it compares about the passivation current density (passivation holding current) 
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(muA/cm2) which is the current by which a test objective metal is passivated. In this trial, the 
aluminum ingredient (AC2A) which is a test sample was used for one electrode, the platinum 
electrode was used for the electrode of another side, it dipped into each coolant (88 degrees C, 
300ml) which shows two electrodes in Table 1, bubbling was performed by N210 ml/min, and the 
current which flows between two electrodes where deoxidation processing is performed to the 
coolant was measured. In case a trial ingredient electrolyzes, the magnitude of the current generated 
in per unit area is shown, generally, a trial ingredient is easy to begin to melt, so that current density 
is high, namely, current density means that it is easy to be corroded. Therefore, an exam means that 
the corrosion rate of an aluminum ingredient is so high that current density is high. 
[0056] In addition, at the time of the measurement about the 4th example which bundles measured 
value with a parenthesis all over Table 2 - the 9th example, and the example 2 of a comparison - the 
example 4 of a comparison, 50 ppm HC03- was added as a directions electrolyte, and measurement 
was performed. In what added 50 ppm HC03- as a directions electrolyte, since HC03- (ion) is 
dissolved, the value of current density is high. 

[0057] Moreover, the experiment under Air aeration was also conducted about the 1st example - the 
3rd example, the example 1 of a comparison - the example 3 of a comparison, and the example 5 of a 
comparison. 

[0058] the 1st example — the bottom of N2 aeration -- the bottom of 4.8 (muA/cm2) and Air aeration 
— 2.4 (muA/cm2) and the 2nd example — 12 (muA/cm2) and the 3rd example showed the 
passivation current density of 2.4 (muA/cm2) under 2.4 (muA/cm2) and Air aeration under N2 
aeration under 1 1 (muA/cm2) and Air aeration under N2 aeration, respectively. Moreover, in the 4th 
example, 7 (muA/cm2) and the 5th example showed 1 5 (muA/cm2), and the 6th example showed the 
passivation current density of 16 (muA/cm2), respectively. Furthermore, in the 7th example, 16 
(muA/cm2) and the 8th example showed 60 (muA/cm2), and the 9th example showed the 
passivation current density of 80 (muA/cm2). 

[0059] on the other hand, the example 1 of a comparison — the bottom of N2 aeration — the bottom 
of 3.0 (muA/cm2) and Air aeration — 3.0 (muA/cm2) and the example 2 of a comparison — 2.0 
(muA/cm2) and the example 3 of a comparison showed the passivation current density of 1 .3 
(muA/cm2) under 100 (muA/cm2) and Air aeration under N2 aeration under 100 (muA/cm2) and Air 
aeration under N2 aeration, respectively. Moreover, as for the example 4 of a comparison, 100 
(muA/cm2) and the example 5 of a comparison showed the passivation current density of 210 
(muA/cm2) under 76 (muA/cm2) and Air aeration under N2 aeration, respectively. 
[0060] Therefore, it can be said that the coolant concerning the 1st example - the 7th example is 
coolant which an aluminum ingredient cannot corrode easily as compared with the coolant of the 
example 2 of a comparison thru/or the example 5 of a comparison. In spite of containing the 
directions electrolyte especially in the coolant concerning the 4th example - the 7th example, very 
low passivation current density is shown, and it is understood that it is the coolant which cannot 
corrode an aluminum ingredient easily essentially. 

[0061] Moreover, it can be said that it is coolant which an aluminum ingredient cannot corrode 
easily if it compares with the example 2 of a comparison thru/or the example 4 of a comparison 
although the coolant concerning the 8th example and the 9th example will take a higher value if it 
compares with the coolant concerning the 1st example - the 7th example. In addition, although the 
coolant of the example 1 of a comparison which does not contain a directions electrolyte shows low 
passivation current density almost equivalent to the coolant concerning the 1st example which does 
not contain a directions electrolyte similarly - the 3rd example, since the conductivity is very high, it 
is as stated above that is not suitable as coolant. Furthermore, if it results in the coolant of the 
example 5 of a comparison, since passivation current density is also high as compared with the 
coolant concerning the 1st example - the 3rd example and the conductivity is also high, it is not 
suitable as coolant. 

[0062] At the last, the trial which measures the corrosion weight loss (the decrease of mass per unit 
area: mg/cm2) of the aluminum ingredient in the coolant is considered the metal protection sex test 
and here. This trial was performed by leaving an aluminum ingredient under air aeration in each 
cooling solution heated by 88 degrees C for 360 hours. Moreover, this trial was carried out twice 
under Air aeration about the 1st example - the 7th example and the example 1 of a comparison - the 
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example 3 of a comparison, the example Sofa comparison, and the example 6 of a comparison, and 
was carried out twice under N2 aeration about the 1st example, the 3rd example, and the example 3 
of a comparison. The negative value of a metal protection trial of front Naka means that the 
aluminum ingredient was corroded, an aluminum ingredient is not corroded but others mean that a 
certain matter adhered to the front face. 

[0063] The example 5 of a comparison in which we are most anxious about corrosion showed the 1st 
- 0.52 (mg/cm2) or 2nd amount of corrosion of -0.43 (mg/cm2). Moreover, the example 2 of a 
comparison which is the basis of each example showed the 1st - 0.12 (mg/cm2) or 2nd amount of 
corrosion of 0.10 (mg/cm2), and the example 3 of a comparison containing the propylene glycol 
contained in glycols showed the 1st - 0.12 (mg/cm2) or 2nd amount of corrosion of 0.09 (mg/cm2). 
[0064] On the other hand, the 1st example showed the 1st time and the 0.01 (mg/cm2) or 2nd amount 
of corrosion of -0.01 (mg/cm2), the 2nd example showed [ both ] the 1st amount [ 2nd ] of corrosion 
of -0.04, and the 3rd example showed the 1st time and the 0.04 (mg/cm2) or 2nd amount of 
corrosion of 0.15 (mg/cm2). The 4th example shows the 1st - 0.02 (mg/cm2) or 2nd amount of 
corrosion of 0.01 (mg/cm2). The 5th example Both the 1st amounts [ 2nd ] of corrosion of -0.02 
(mg/cm2) are shown. The 6th example The 1st - 0.03 (mg/cm2) or 2nd amount of corrosion of -0.01 
(mg/cm2) were shown, and the 7th example showed the 1st time and the 0.00 (mg/cm2) or 2nd 
amount of corrosion of -0.02 (mg/cm2). 

[0065] Therefore, also in which example of the 1st - the 7th example, while it is much less than the 
numeric value which the example 4 of a comparison showed, it turns out that anti-corrosiveness is 
raised also in contrast with the example 2 of a comparison which is the basis. 
[0066] In addition, both the examples 6 of a comparison showed the 1st amount [ 2nd ] of corrosion 
of 0.10 (mg/cm2), and the example 1 of a comparison showed the 1st - 0.02 (mg/cm2) or 2nd 
amount of corrosion of 0.03 (mg/cm2). 

[0067] Even if it compares with the example of these comparisons, each example shows the almost 
equivalent amount of corrosion, or the smaller amount of corrosion. 

[0068] Next, the amount of corrosion under N2 aeration to the coolant concerning the 1st example, 
the 3rd example, and the example 3 of a comparison is examined. The 1st example showed the 1st 
time and the 0.00 (mg/cm2) or 2nd amount of corrosion of -0.01 (mg/cm2), the 3rd example showed 
the 1st time and the 0.04 (mg/cm2) or 2nd amount of corrosion of 0.05 (mg/cm2), and the example 3 
of a comparison showed the 1st time and the 0.02 (mg/cm2) or 2nd amount of corrosion of 0.04 
(mg/cm2). 

[0069] As compared with the case of Air aeration, the result same about the 1st example was 
obtained in each [ these ] amount of corrosion, and the almost same result was obtained about the 3rd 
example. On the other hand, in the example 3 of a comparison, the result by which corrosion was 
prevented by N2 aeration was obtained. That is, the dissolved oxygen in the coolant decreased and it 
was shown by by carrying out deoxidation processing which blows inert gas, such as nitrogen (N2), 
that the corrosion of an aluminum ingredient can be controlled. Therefore, the corrosion of the 
aluminum ingredient used as an ingredient which forms a coolant circuit can be prevented by 
carrying out deoxidation processing of the coolant using nitrogen gas etc. 

[0070] If it looks back upon the above comparative study result, in each test result of conductivity 
and corrosion weight loss, the coolant of the example 6 of a comparison, i.e., the ion exchange water 
used so far, (pure water) shows the good numeric value. However, ion exchange water will be frozen 
under the environment below the freezing point. Therefore, when ion exchange water is used as 
coolant, an anti-freeze circuit must be earned on the fuel cell which may be put on the bottom of the 
environment below the freezing point, and an anti-freeze circuit must always be operated with it. 
However, it is difficult to prepare an anti-freeze circuit to the fuel cell of a non-installing mold and a 
intermittent-working mold. Although carried out, it is unsuitable to use ion exchange water for the 
fuel cell of **, the non-installing mold which may be put on the bottom of the environment below 
the freezing point, and a intermittent-working mold. 

[0071] Moreover, although the coolant of the example 1 of a comparison, i.e., the coolant for the 
conventional internal combustion engine cooling, shows a good result about nonfreezing, rust- 
proofing nature, etc., the conductivity is very high and unsuitable for the coolant for fuel cell stack 
cooling as which the low conductivity engine performance is required. 
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[0072] Furthermore, although the coolant which uses the coolant of the example 2 of a comparison 
and the example 3 of a comparison, i.e., the basis of the 1st example - the 3rd example, and a basis 
equivalent to the basis as all components shows a result good about conductivity and nonfreezing, it 
is unsuitable as coolant for fuel cell stack cooling from a viewpoint of anti-corrosiveness (rust- 
proofing nature). 

[0073] Therefore, it turns out from a viewpoint of nonfreezing, rust-proofing nature, conductivity, 
and thermal conductivity that the presentation of the coolant of the 1st example - the 9th example is 
suitable as coolant for fuel cell stacks. 

[0074] Although the above-mentioned pH measurement and the above-mentioned conductivity trial 
were performed under latm and 25-degree C conditions and the metal protection trial and the 
passivation current density trial were performed under latm and 88-degree C conditions, not only in 
the bottom of these pressures and temperature but a service condition, for example, 1 - 1.9atm, and - 
35 degree-C-100 degree C, it is desirable to adjust an additive so that it may become under about 
lOOmicroS/cm about about 6 - about 9 conductivity in pH. 

[0075] Moreover, although the coolant was adjusted using weak acidic benzotriazol in the 3rd 
example, the coolant may be adjusted to desired rust-proofing nature, conductivity, and pH using the 
additive of a weak alkaline ethanolamine system. 

[0076] In addition, the freezing temperature of the 1st example - the 9th example, and the example 1 
of a comparison - the example 3 of a comparison was 30 below the freezing point degrees C, and the 
freezing temperature of the example 5 of a comparison and the example 6 of a comparison was 0 
degree C. 

[0077] - Gestalt of implementation of the 2nd invention : [0078] The gestalt of implementation of the 
2nd invention explains the coolant which is each example of the gestalt of implementation of the 1st 
invention with reference to drawing 2 and drawing 3 about the stack cooling system of the fuel cell 
which it has as a refrigerant. Drawing 2 is the fuel cell stack cooling structure-of-a-system Fig. 
where the gestalt of operation of this invention may be applied. Drawing 3 is the decomposition 
perspective view showing the laminated structure of a cell 20. 

[0079] The stack 12 of a fuel cell 10 consists of two or more cells 20 by which laminating 
arrangement was carried out. The cell 20 is equipped with the separator 24 made from substantia- 
compacta carbon arranged at the lateral surface of the matrix (electrolyte) 23 inserted into the air 
pole 21, the fuel electrode 22, the air pole 21, and the fuel electrode 22, a fuel electrode 22, and an 
air pole 21. And whenever several layers of this cell 20 are accumulated, the cooling separator 30 
made from aluminum is arranged on a separator 24. 

[0080] In this example, the separator 24 is constituted as the edge separator 40 or the central 
separator 50. The cooling separators 30 and these separators 40 and 50 are formed in tabular [ a 
tabular laminating side is a square-like ]. The coolant holes 81 and 82 with a circular cross section 
are formed in the cooling separator 30, the edge separator 40, and the central separator 50 at two 
places (up both comers in drawing 3 ) of the periphery. When these coolant holes 81 and 82 form the 
above-mentioned stack, they form the passage of the coolant which penetrates a stack in the direction 
of a laminating. Moreover, the fuel gas holes 83 and 84 of a long and slender pair and the oxidation 
gas eyes 85 and 86 of a pair are formed near the edge of each side of the laminating side of the three 
above-mentioned kinds of separators along each side. When these fuel gas holes 83 and 84 and the 
oxidation gas eyes 85 and 86 form a stack, they penetrate and form the passage of the oxidation gas 
containing the fuel gas containing hydrogen, and oxygen in the direction of a laminating of a stack. 
[0081] This cooling separator 30 is connected with the external cooling circuit 32 through a coolant 
path, and the cooling circuits 34 including the cooling separator 30 are constituted. The oxidization 
gas eye 85 which counters, and two or more groove parallel ribs 63 which connect between 86 are 
formed in one side (rear-face side in drawing 3 ) of the cooling separator 30. When a rib 63 forms a 
stack, it forms an oxidation gas passageway between the adjoining air poles 21. moreover, the 
cooling separator 30 — on the other hand (transverse-plane side in drawing 3 ) — **** — the coolant 
hole 81 mentioned already and the meandering slot 87 which connects between 82 are formed. In 
case a stack is formed, the cooling separator 30 adjoins the edge separator 40, and a slot 87 forms a 
cooling liquid route between the flat fields of the edge separator 40 at this time. 
[0082] The fuel gas hole 83 which counters, and two or more groove parallel ribs 62 which connect 
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between 84 are formed in one side (transverse-plane side in drawing 3 ) of the edge separator 40. 
When a rib 62 forms a stack, it forms fuel gas passage between the adjoining fuel electrodes 22. It is 
the flat field of the edge separator 40 which does not have slot structure on the other hand (rear- face 
side in drawing 3 ). 

[0083] The fuel gas hole 83 which counters, and two or more groove parallel ribs 62 which connect 
between 84 are formed in one side (transverse-plane side in drawing 3 ) of the central separator 50. 
When a rib 62 forms a stack, it forms fuel gas passage between the adjoining fuel electrodes 22. the 
central separator 50 — on the other hand (rear-face side in drawing 3 ) — **** — between the 
oxidization gas eye 85 which counters, and 86 is connected, and two or more groove ribs 63 which 
intersect perpendicularly with a rib 62 are formed. When a rib 63 forms a stack, it forms an oxidation 
gas passageway between the adjoining air poles 21. 

[0084] In addition, although [ the above-mentioned separator 24 (40 50) ] formed with substantia- 
compacta carbon, it is good also as forming by other members which have conductivity. For 
example, rigidity and heat-conducting characteristic may be thought as important and you may form 
with metals, such as a copper alloy and an aluminium alloy. 

[0085] In case [ both ] the coolant (namely, coolant of the 1st example - the 9th example) concerning 
the gestalt of implementation of the 1st invention is used for the coolant in a cooling circuit and these 
coolant is enclosed in a cooling circuit 34, inert gas, for example, nitrogen gas, is enclosed. 
Therefore, the air in a cooling circuit 34 and the dissolved oxygen in the coolant are permuted by 
nitrogen gas, and degradation of the coolant resulting from dissolved oxygen is prevented. This is 
supported by the test result in the gestalt of implementation of the 1st invention. 
[0086] - gestalt [ of implementation of the 3rd invention ]: — the mode of implementation of the 3rd 
invention — drawing 4 — referring to — the voice of implementation of the 1st invention — explain 
the manufacture approach of the coolant which starts like. Drawing 4 is the explanatory view 
showing the outline of a process of manufacturing the coolant concerning the mode of 
implementation of the 1st invention. 

[0087] First, a basis is adjusted using ion exchange water and ethylene glycol. For example, the 
addition of a rust-proofing additive is also taken into consideration and adjusted so that ethylene 
glycol may become 50 % of the weight in the coolant after manufacture (process 1). Then, a rust- 
proofing additive is adjusted using the Nonion system matter, using an alkaline additive and an acid 
additive (process 2). The chemical stated with the gestalt of implementation of the 1st invention as a 
rust-proofing additive can be used. For example, when adjusting the rust-proofing additive of the 1st 
example, it is adjusted so that triethanolamine may become 1.0 % of the weight in the coolant after 
manufacture and orthophosphoric acid may become 0.1 % of the weight. 

[0088] After adjusting a basis and a rust-proofing additive, a basis and a rust-proofing additive are 
mixed and it considers as a mixed solution (process 3). On the occasion of mixing, churning may be 
performed to coincidence. Finally, the ion-exchange-resin film is used, a mixed solution is filtered 
(purification), and the quality of an ion ghost in a mixed solution is removed (process 4). The mixed 
solution refined with the ion-exchange-resin film turns into coolant concerning the gestalt of 
implementation of the 1 st invention. 

[0089] According to this manufacture approach, the coolant suitable as coolant for fuel cell stacks 
can be manufactured from a viewpoint of nonfreezing, rust-proofing nature, conductivity, and 
thermal conductivity. 

[0090] In addition, when ion exchange resin refines, you may refine using the ion-exchange-resin 
film and fibrous ion exchange resin, and may refine through refined liquid in the column filled with 
an ion-exchange-resin particle. Moreover, predetermined time churning of the mixed liquor and ion 
exchange resin of a basis and a rust-proofing additive may be carried out, and the filtration 
membrane made from PTFE may refine mixed liquor. Before refining mixed liquor in using ion 
exchange resin, it is good to remove the metal ion which is processed with an acid solution (for 
example, concentrated hydrochloric acid) and by which ion exchange resin is adsorbed. 
[0091] As mentioned above, although the fuel cell coolant which starts this invention based on the 
gestalt of implementation of some invention has been explained, the above-mentioned gestalt of 
implementation of invention is for making an understanding of this invention easy, and does not 
limit this invention. This invention is natural while changing and improving that of the equivalent 
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being contained in this invention, without deviating from a claim in the meaning list. 
[0092] For example, the ratio of each presentation component used in each example of the gestalt of 
implementation of invention of the above 1st is instantiation, for example, triethanolamine is 0.1 - 
3.0% of the weight of the range, orthophosphoric acid is 0.1 - 1.0% of the weight of the range, 
phosphonic acid is 0.001 - 0.01% of the weight of the range, and benzotriazol may have nonfreezing 
[ desired ], rust-proofing nature, conductivity, and thermal conductivity in 0.1 - 0.6% of the weight 
of the range, respectively. 

[0093] Moreover, although each example takes the value of 6.2 and 8.1 also about a pH value, when 
using especially an aluminum ingredient for a cooling circuit, an aluminum ingredient is not 
corroded even if it takes the value of the range of pH 6-9. 

[0094] Furthermore, the fuel cell stack cooling structure-of-a-system Fig. used on the occasion of 
explanation of the gestalt of implementation of the 2nd invention is instantiation, and if it is a 
cooling system equipped with the coolant concerning the gestalt of implementation of the 1st 
invention enclosed with inert gas as a refrigerant of a cooling circuit, it will not be restricted to this. 
[0095] Moreover, especially in the gestalt of implementation of each above-mentioned invention, pH 
of each rust-proofing additive and the coolant was determined supposing an aluminum ingredient 
being used for the cooling circuit containing a cooling plate. However, what is necessary is just to 
realize pH demanded using the suitable rust-proofing additive for the ingredient used, when an 
ingredient is not prevented from other being used for a cooling circuit and other ingredients are used. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the graph which shows transition of the conductivity at the time of adding a 
quercetin to an ethylene glycol 50% diluent. 

[Drawing 2] It is the fuel cell stack cooling structure-of-a-system Fig. where the gestalt of 
implementation of the 2nd invention may be applied. 

[Drawing 3] It is the decomposition perspective view showing the laminated structure of a cell 20. 
[Drawing 4] It is the explanatory view showing the outline of a process of following the gestalt of 
implementation of the 3rd invention and of manufacturing the coolant concerning the mode of 
implementation of the 1 st invention. 
[Description of Notations] 
10- Fuel cell 
12 - Stack 

20 -- Cell 

21 — Air pole 

22 — Fuel electrode 

23 -- Matrix 

24 — Separator 

30 - Cooling separator 

32 — External cooling circuit 

34 — Cooling circuit 

40 — Edge separator 

50 — Central separator 

62 63 » Rib 

81 82 - Coolant hole 

83 84 - Fuel gas hole 

85 86 — Oxidation gas eye 

87 - Slot 
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Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

EflMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

±D TEXT OR DRAWING 
RED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



i 



